
t .k

Ta-W

In 4.

2 4v

'4"4

4awk A M. S

-0iyI

15N

iL-4 91,;Ll

_j4,



11 ý - ! -- - -- ?z 1.17

ýr

, I . ; RIFN i*Tl i. %, I I - .
iýLw . I -

.

.. I -, ! -05.71,.-4N' 
"M 

"'
.

. -
, ý .. m m

- -- k i . - ýTIM 1- ýT-&- ýý 11. -- . ý - , ., " -
, I ,, -F .III- - - i4.Z'.!-, -- " ý T ý 11 1-11 F-1,. .ý W, "" ý

0ý,M: -. ` - I.-iF7 ,
ýý 

ý -- 14' '.,ý,f-?If- I , . . " - - - ý' ,ý , . .,,,. i, -'. . ý.,:,, , ,ý ý.ý,.1 - 1 . - .,ý . - F I .. ý -ý,.x 1. ý.. , -- 11 , -. - 'W 71 : -1- ., w-. -.. , '..,,; , -;---.-ý, , - I . `:ý7ý,ý ,,, , .1ý , - ... ... I ". ýjý, ý,F ,.,..-1 1-11,-ý; :"ýA- , ., ý ý ý -- -- .,-- , -, ý . ý . -vwlt- _ , , 1" -ý!-Aý-,- 2 4 .", --- e`--rllfý;- -ý, , ze.K, - - - t ý , I-- -ý , , . - :.1 'NOM ,I.. ,N$ ý. h ,- 1 ý , -- I . , -u ý, - 'ý",'.'ý"_,,ý--ýý',ý",-,7,7'.ý'.. zi !'.%"- A lr --,:ý . ;: ýbl.-.--r, . ,ý ý I - " :Af "M'. , ,ý_-- ýI.n .,',ý., ý - , ,-, ,. __ E - - -1. I . -- ýý
ýjvo- -,,ýýi -,='-..,. '. ý - ý, 'o, ý '.,5 , . - " ý . - . I - - - , , - ,

-;";O,-t -,ý '! - -I ::, - -ý,, , ý,', ol I ,ý7 : -4ý ýY.' ý, .11. " -,."ý -, _ - ..ý ýIit'- - , .,,ýý: - I - .. ý,-ý* , 7': , ,-ý7"""; ýý""'rý,--,ý ,ý..."ý,:..i-zf" - ý.,rP , --." -.-'-,'t, -".1111-111.I ,.,,-' 4 ''t'"..', .- ýý " .-i.j'-ýil,".,'' ýý..;J_. , .,-,.- - .,f , ý-,' ,, ý, ý,T ,--l -.A n
.- , , ý 

, 
L 

I 
: ý`;ý;,-,-',.-ý,!.,ý. 

- '-A-,ý- 
', :ý, 

o 
1-113 

ý 
ý-

, .. - ,,, -;,.. ý, , - - - , JN 1. I - . ý4 . I ..,';!`.ý -"l ", ,; - ý-Z ,,ý,- 1:,;2.-', ný-;,:. " -ý, ,,ý'j ' - `ý'- -ý k ,4 k- - -E ý., :ý,ýjý.a.1--. I- -.ý'. ý ý -4;ý, 1, "-ý '' ý..., 'I.;, ill'':,"t ýt ,. .-? -I - - - , "' ", ý -4- . ý --,, ýN '.ý- - .. - , --ý ,*I-w .,.-,... , . -. ,.. 1ý ., , . 1, , , , - ... , '. ý ý ""' , , - ý--7gm --iI tlrrý ,v . . ,:ý. . !, , ý'I, :-- ,:, ý-ý ý .;. I - 1 -7
11 . .. - -ý, - ý" ý -4., .. ., ,ý, -- - - , , - . .. , -Y. ýe - L.

7
. ýý,:ý Tý- .. - , .,ýý'.

"7 .", ,.t!,',T , ,. ",., I 1. ý". CZ , , -""' g. - - Ow.- -,7e , " I ,,, - . Týt"! , , , - , - ,
, , Tý --- - . `ý .. -41 - ý, ý- - 11 .,ý, , .1 - " - ý., ,.p , .. , I - - 4, f : ,

.. ., - "

Vý--.ý,--ý--'L p - . - -1 -ý . J., , ... .,., - ý .1 W ý4 - . - ,. .,j ,,,ý ---ý4ý , :o - kw ; rR -, ý 0* ýý! 'i . - 7, . , ý_'ý,.r -L,ý. . ý , -', 7,11"'o , ! - - ý - - , , i
, ... ...Ep. *11 -K .. . ,- -. ,. ý-.

'iý . , , - - 2P.1; -I', ,ý` 1..',-r-.i-,,;r mm, -.,:ý,ý:T -- ý - 11.. -- ý I -. 1 ,.-ýe--
.. .'. 'agki,::_ - r - " ,- ý - lý - - -- - - , --- . -- ,jý.ý-..ý".:'_", ". -,ý-ý, -7'ý',.6_-`:,.ýj,ý 'T-?ýý ;,- -:.. .1 , ,--;,ý' ý, . I." .... , ý ý ý .. -I 'nt,.,

. r ',-- -- - - ý , ý ", , -ýIW F'11' -- "', ý-, J 'e. ýý-- ,ý ", A,.1 3 T A w ,ý. .1. I ý .., , i, " . .
ý ý - -, ý- " ., ý .. ý:','e ... C, ýý,ý4 t; ý . ,ý .ý 11 11

.1 ýý ýt.' ý,ý,, ý .i c ;,v ... :;-7.;.-ý 1-7 ̀77"", " 'ý ,14'-,.-,,.-ý,-ý. .! '.. - -ý;, ,;I.". --4'1ýý,-:ý, ý :.,-,ý- ý -.ý ,11', , --ý#,ý'ý-- , ". .I.! ,---ý - iý', ;--.?ý-,',,ý--:--ýý " ,,ý! , "iLz-,.ý'ý-,,ý;j.j ,'!ý:ý', : I r: -ý .. , .I r-1-1, .1 ý ý , " ý I . . -I -, , 
1. ,. I . . ,-- .". ,- 1ý1 ý,,,,--`ýý

., - ._--!ý,--4- . ,4 - , , , ,-, Jý_ , . '' . . ."... .1, ý , :,;,fl 14 - .-..7ý1 , ýv - 1. -. ., ", .. ... ), . , ý !ý, 4,- - . I -4-'. -: ",4 ý - , , . . . . .ýý'* ;,- ýý, ,.eý--ý,-, - , '-ý .1 ,t-""',ý'-ýy'-:-A,'.ý -:7 "I. . . , - .. 
-.ý- ..T,-. ý- ,-,ý -; .... M, ; -i.-.ýý;-`:ý,ý`--& -' ,ý-,-'i'ý%!; -V ". ,,-, . -, ýý 1 .. " -. , 

. -
"' - , 

, .. 1- - ..

'I ',- I .. " I .. "'. I - ........., ., ,-,ý7- .---- -".ý.;. , ,- r'. . , -". ;nr.o .. § .4. , ." .- 1, 1. - ý ., ---.,-.:!,!"ý'ý:ýý,:ýý.ý,,ý,'-ý,--4 ,iý -- )? -i, ý
ýý ýý ý:ý.ýi -lu11'' , ý-.,- - _v., - 1. ý%, '' . "... - - ýI- , ýýt-,` .11 - . -- --. ýý , .. ý,-- -, -ýW'v'.o - --..,!-, , 4-4, ,;, , ý.

ý " ,z , j ý' 1- ý , - ., ýtý , .-ý -,,;'1.,- - - -
, `-ý - `;1V -, "-,;ý, -- - ý-,,,ýý;,-,ý" ":'-f -,".".., , , I . - ý- ý 2.1K-.. ,-..-ýýl,,",--,ý.ýýiý,,-',-.ý,ýi,',ý.:', . I- .:., -,, -.. - ", ý, ý , -ýý'ýý . . " ý _ .. . & , -- ý' ,ý, X 1, -ýý,.,.,ni- ,11ý. " "'A -4-;5,ýý,ý-"Wl - ý - , -I- -.1. - I I I . jý,,, .5 k - ý ".. 1:.,t -ý-, -1 ,, - -ý ý,.'- - ýi -- ,L,;-. . - . j 1wý. "- . . 1. . ý ý! 'r - ý. ""'. "" ". . .."ý -I %. I" - 1ý , -zl

, I . . . . , I-" ,,, , ý .11 - ý . - ýý..ý -ý - -.I ; % ý 4 IjLý,41 . . , , ý ý: , , 1- - - , ': ., 0Z , .. .. -
-- - .. ,-j .. " J,

-- - .,.. :ý :," --, , " ý,: ý ., ", r '. , .ý , : ;,,- " - . , ..

!i', ý:-,:., ý-* , . . , -:7 ": ... ý ýý '. ý 4, '.

I, , , , , . "" .", .. - - I -..r I " . z . . ý, .- . j,7ý-ý-;- : - :- - ýý -:",. Fý ýý$,v,,--, -ý1. -- ,,,, ,,-j',;;. ;.-, , -;' .tk,ý--,ý;iýý.,ý:,-Iil."."Lý."ýýý::, ý .. " . ,%:-, -- ý ýý!ý",! , , , : .,ý' I " .. , " - Y;, I .11, ý4ý .ý .1,;;lý, --Ai,ý - " .ý I ý - - -,',- - -- , - vý ,ý'-. .ý - ,; . ... -. ;i. ý. .ý .... . ý I
. , :::., ý 

I 

, .1"'I" 
, , ,..ý 

- -
'A 

ýý;'ý 

ý 
, ,". ý--.;i ý: I I ý ý7

-
. -

.. F.;*

,4 , 5! 

". 

ý, 

t ,.; -,ýý.;--,. 
-

, , ,ý 
..

fl;ý,,`, - ýffwgj , ý,'I`,' I I . '::,* "! --- .. , .., ý I , -, , I tl., - "k; .."; "' ý- - I ý-- li-w-- ýý-ý,""?ý,:,ýý, ..
, ýýv'A"'ýog -),ýA,ý-!-ý.-. -, - %, ,i I .. I . .. I ..... ,-... :,.oxy- t. -_ýS'---1*.1.q I'-fA,- . -- T- 1 . I ý, 7 , .,ýV , 1 41,- ý-,`-`- 1ý ;P w X.",ý.,ý-- , W , - 1: 11 ý, ,ý,-,o-,, , 111-i , I.:, ý -- -.T -ý.,. , - , 44 , ...." .. ý 1ýý , .,4! ..., 1, 1 , -, !& .-,.,4s .. . 7;1'11.11ý1.1,;Xý?- -'.ý, ý..'ý?. I -ýC.,ý.., -- " , ol ý " " q!7:. ý Awa:",-ý.;%. , !. - i " .4 - !,ý-,Jý--, , ,ý,ý-.% ... , , . - ,ý, ; , - -, -,. -,. , , - - I - i:1. _ , ,- 4,f . I ,.. , - ý _,,v, -- ,.,- I ;.ýý'. - .1

ý,'- 6- ý * ,ý , 1. , 1ýoll .....;'-.ýý,---ý`ý,;,;--;t,ý!,-- , I I , ý I ý:-r "', .. -, , - `2- - .- ý..,i'ýý ý.ý-,',ý' - . . ''. ., ýý-
.1. . I., - ' '- ' 7 -'-' ý: , .1ý ". . . '- 6- .Lj .. - IA ý t,--, -,,ý F:, -- ý, :E`ý ,'V ý,ý ý. ý ., ,,ý ,I -,;.ý:L%-

. - -iý : - ,ý '!-ý,,,ý::"!.ý,,,.'," .!-*ýýý-'-,ý': ý-rýý, -.111 - " . . ý ý.:", !, " -,.--:vizr,. 11-1 - - ý ., .ýý ý,.:ý .tý I "I ý.. :.ýý ;!. - ý ,, - , ,
-t- ." ,ý ',.'t-m -.1'e , ,ýý -- ,:, -'- . , I , -111 . I. 1ý11- ý I I -: P i , , .%,:ýý; -5ý. -, imip."ý, ý ".1,1z I .... I . .. ý,
.- , , t; " - . - ý ... 1 -:. ý:..'--- a, a ... ý - . I .. ý ". t6,, ;It , , - , . . . ."... ,-ý 1ý '. 1 O - - , ý -, - - 4... .. .. Al`Aý . - ,Pn. - -. 1,.ý,ýt- , .Z;,ý!-;ý`,.:ý",,. ..* ... &.--,,-ýa , , , ý . 1. ...i:-,ýýý ... a., , ý, *- ., -, ". ,.,,)ýý, '10`1'1ý.. . -- O--

f., , , : 4 -1 I - - - j.- .. - 1-iii
K, -- .

,V : 

TV 
-

I, ,ill I ;, .... .. I ..

J, ý,,ý,; "A''. ,z4--:tý,,ý,Ar ., 1*iwA"- I . . . .I- ,A-, - -t , ý-. ,,ý -,.-,... -, " -11. j. , , zw ý, .:... .': -ýýW-- .. = 703Fý -Itrjyll - . ý. , ,ý - - . ow, I" . . , ý1,,, , i. , ýý, - 7, :I
.

ýw -I ýp,- # , - I ,ý. ý ,,, . ý!.; "', , ý , .4 "W-1 '. . -ý - --. ,,,ý, --.-, , ý - .. " ,Mf . ýý- ,- I , ýt - ".... , A"', :1.!11 ,.,....:ý -4,ýJ,ý\, -.. N i,:, '. .1 1'1,71-ý i''.- 4k., - , -..-- - ýý '. .", , ,'ý:ý ý,ý ,-ýý ý , 4 , , , , 1ý1,',".. 7ý',- ý.C;", .ý I I ý, -ýý-.--. '-jlf4 v - , .-,ý kA ýIw --,ýý . "Ko.,j':',1 I.. *,* t, - .1, , . '..1 1. - .., -11 -,_- - '' i ,.. - *'F' -71 '. ,--,-,ý` A - ', 1 - .. ý ... . ;i, . - "... ,!) , .,:,,..,-
.. . ;,L"'.11" .. X.., - -'.- :-"4j,ý. '_1 .; . . , . ;, , - ..- ý,1ý4 1 . ,1 ,..-. , ,ý- , , ý " I . I ",-4 ý, - "". I 1 - ý,- ... - - I - . - - ,,.I.,,,ý,-, , -- ý ", 11, -- * - 'L. _ - ef -- , , ,:,- - , - . . - I 1ý-'. ,; '11", ý, ý - 1ý, ý. - . ,,ý-- .... ""'.... I l- I -- , " 'i, ` * --- , ý - -4 44 "l- - -- , ý I-- , . - ýý. , , , , -! 1, ,11. ý:,-.,. , , - ., , , I , N - ý i .. - ý, , ,ý.a ,ý ,4 c I . . ;,ý,

'... . ý v 1ý fl2r "ý,- I 'I'll ý,ý.- tm . _ - - - ýýt ,..ý.'ý " ý"Ii'ý 1ý1. ý, ,ý, Wýý11'ý ;`-. A .,ýL -,--'-:ýý7 7 ý -!!" , ý.ý;ýý 4ý7 ý ̀ý . -07,ý, ý-.'Ivq I I ý . - ..- : . , ,:4ý7.. .1 ` - Ej_ --- W_,-,- ý ;,,;ýp ;. .. - :.'ý--ý!- . , ."TM N . z ý'ý:Z ; I ý&", p. -ýý - , 1. t ý., .''. .rý,- , , - - . -ý, T . , , , ý - -: ýý, "' - - 7
--,ý f U 1,1z,!, 4 -r, ,ý --.L-.o liým "., : ..AOiý.ý ze-e'-!,--.--'-ýi.ýý-,Lj.', ý . " Z"-"e-Aýý-ý2- 'i, - -Fý .ýa 1ý.,:

1 , , , - " ý, , tm% -J, ... -; ,Atvgy -- -- .". - 1ý-,kýrl. . , . - --,-ýý- -- . , ý , , - - 1. .1
-- . , ý,ý , - "
-ý-,-, ;- 1, ý.-- ,l "o. I ýý-,;ýý!%A-'-ý7, ,111. ý 1ý 11 :r - r.7 .: --','I 11ý I .. .. .. ,-tý - -ý e'e",

,'ý- . ,,, .. V, U ., Mm,ý!'. , ý , ;1 I '. 
;ý4,--ý-%, - ý. I ". - , , ", . , ,.-. 111ýý, . 411.,. 1111-- '.... 1. '? ;-'114. T." ,ýý^%..!.'..ýý ! %, ý. 7 ý .1.1 i "--;.. " %, . , . ". . . . , ,-, - .. . .,,.i...'r .. .. ý - : . . , , ý ý: _r;.: V ,71.1 i l"'. " t.'ý,W- il-, iý, '..'':o . ,.,..I 4,-,)-- . , iý: .. ; .. V, , "'.1 ý . ý - - , " .- ... !:.-.Z!,.-,.,.'. " ý ":ýý " " ýý*',:,;, ý .. I , , . , -,',-,-,;". ., ,,-:ý;,Cý ý, t, - .. ý 4, . - . ý ., .1 4.11 . 1. 1- . -:ý, ýi `11.

. . , ý1 . I� 1, ., ; ". ' - --- i - - ' 6ý '' "' -- .

. ,
- . I - P " , ":", t" "..'. 11....

'I, :;.,. '-:;ý,, 11 I , :,,.k,'4- , 1ý , ý -1 ý .1 , , .ý. ", - - -ý, , , ý 'ý * * ', ýa. ý4 *, ;ýý - :,-ý ". - %--,ýý- , . - -'. - I- '. ýý , " .i- "I I - . 'IF,

,il ,.--s:' Ar. W':Vý 1;,,ý' ý ,'- --- , - - . I --kk41-,1t,.t -,ý;,: I - .- 1. : -ý - % - ,ý:` - O " , , , .'L,. - "',
ý. :.ý4. 4oI ,...-. " I- - . ý " '. , - ,kv- -;u - - , - . ,'-, -ýk, -- - -,, -, --. , . - -ýý , 4,0- 0. ,,- , ý*-, ,,, , -, .- " . -0,-. 4,-.1, - . - . I . . . . - . , * ` .... . ,ý , 4 ., 1- " I ... --. 1 - , . .I ::1 I .11, . . 71.1 ýý . . . ..

.. llzý. 1. - .11 -. .;, I : ,; .. ,.,;, , ", , - , , ý ,ý.:i. - ,- - ý' ý "'. , -, , '. , - - - -ýý ,,iw - - , - .... - - 1ý. - ý - - - , ." ,, - j ""ll- , - - I.I.ý I . . - - - - .1 - , q,
, '.' - , , , , " r- - w , ýý - 11 ý . -. , 1'iý, , .!- ýr.:1 I .I .-- ,ýý I ýý ,. , , : 1.ýý,ýL ,ý m .4 , , - ý,4aý-,# , . .,,ýý, "' ý"4 " - - ,ý, - ", ý, t -4 " " "?! --, '. , ý, .ý - - - - - 1, -','--?' P , ". i,:.;; . - ý , ý ""'(f, I ,ý.ý;ý I , ` "'.." 'o "ýý:Ji,ý-:. " ý,-' - ". n, W,
, ,;,, ", ý . . r ---ý - - I.,

,'.1'. ý,ý.1 " . ý,F",, I . ý - .;,.. - , , ý;s ...... - ý .. - V., , . . " , V "-'-`,' 1. `- , 6
.1 -- .. - :11.: . '.. '. , "' - , V ; . , - ,ý, .4 ý . - Ti `11 ,4ý , -i . I - , - .,

11 , . , - ý ,ý, ý !, ,!: '. ., . I f, .. -I , , -, jjýý I ,,.-.,4.%Vý,A4 _ýý'ft 
ýV V.-I-1, 

-7y 1 -- . ý. ,1 1 ý,ý.'%--;,ý'.

.%: !, , . , . ., , . ,-- illlk i- ., 7' -, -I.; , -..,.. .:- " tiý % . .-:".,.-, -,ýeiý-,.ý,, -A-,i'.,Y, ?-,
"'i". - a., . - 4.:.ý,- Jilw`- - --,* ý ý 5, 1w ;.r.,:. - 9", L , , . j .1.1, - - , ;ý '. " . 4, ,` - v . . , . I . ý, vmaiý"; . ." ý,ý ýA' , ', , , v

ý, - " -1, - ', . - 6ýt -; ý - ý. -, ! 1ý - I- - -. t,.'. -ý . f, t - wi Ew , , , I -r'

ý. , 
0 4-17 1-',ýý-,;r- ý"fl ,V .. ". . 0. 1" ,-f-- 'R '" ' 6 '.. IF '- - 'ý- ' - ,

. . I , ý , ,- - _:ý,:,:,T # ,ý._ 'ý:ý'ý',' , "" - " " . ., -" _F ý 3 , " -!ý- ,ý , - . . YT,15 , A - - ",
.... - "ý .. 

-ý r, - , - . ".ý_ :2ý.. _ '' ," - -' - - I - , - ,: ,. " ý:1'1,

.q rl . . ý,ýor _ý6,ýq " , - , ,ý', - ý`A `,--ý , ,w -

-,ý,ý . I " -: I , '. --,-* ý * ". ý-ý9,,, ',,,ý,,-, -,-q , ý " ; , ,W. I - . - .. , 1, ý 

, : ý., .- ,., I ý-. -. -v

. O -ý, -V ljý-ivr:ý4--- , ': ,ý-,ý -,ýý -
:,""-'ý,f .t- i. ,4,,ývt,-- -- ,,---, --'i I .", ý - 4 ; - ýý .t., .0ý -, '. ýý: & '."-' -ýý, l- 'N ..ý -ý -'-'Ll ',' '1'1"ý,-`C'.t- '- " -, .,.,..-I- - - -. 1 `-:ý "-' ' "ý- ' - " ;k ;' Vý , I - -,r '. -:,".m .", - -ý -. ;,;7 - 1ý "T-' ý47- ,6-.. ', , Lý, ,' __ ,ý ý ý,'t . - . '. , _ý, ý ,'ý ýý

,.' . _ , - - , - , , .,'' I IV -. " - "I - ,;l . -, .t W.- .,6.,ý.ý -.
,

_
. , ý'.. - ,I , , . . . - , - , Fir, - -W - ,ý .ý 11

... ý ý -

,t'Z, j '' .- jý-- - :' ý 6:'-, , ";' , ý't- -, -, Lý-ý - ý , - I . - , _ -'.', ý,I,;;,;ý"." -jeA 
. - 0 ,ýW '- i'..'ý.ýýj 

6.,ý.ý -ýN
.

ý 
" 

, 
6 

441 

ý11 

I 

-
-ý 

'-..' 
-. M 

W4F 
-' 4f---' -ky;,e 

ýý- 
". -

-i -.. 
iý, T, -

rý ." 
.- 

. ,- 
ýý 

.,6.,ý.

, I ý- .) , ". ,ý -,A", - , 1, -'6".'. - - , , Vt

. ý w. ;: , . - ýý ... ,-: ý - -, , -',"'.%, ý', " . ,ý'_ : fý _, . . ', -- -ý, --4 -- )r.-: ý- ý , _ ' - - , , ý;-- - - - , - , - , _ , I- k, . ;7, , ý
d '6 -- , ' 'I _ 'l ý, t!;6 " 6 - -,x`0..-X.,i - , - U. , - , ý' ý' "ýjlý! ý 6 .ýK ._ , . a - '-f-, ., .1 .'?, ýl,,.,- ": ; .- ,j . - .ý, ý - - A. , k- , I . .. . , - - 'j- 7 '* ; . , . -k ,: . ý .;

e. -:ýý,,ý'.- - , , 'ý 6"... .. .. V _", I", . . I I '
.% ý!ý --. 11W .". : ý. 'i"I'l. Jý,-- "I _ ý , . . L11 1 ,". . " .'iý . . .ýý`,ý .i _ 7 _; . k&-'ý;, ýj " "; ,E,ý ý tý? - - .''

; ,ý
_ ý , , _ý` .,

ý . -,wýA v %, ". -,',a , ýýV,ý,,, - .-=. _ .! ý.'

ý 
. ,_,,;ý if., - ý *Ný,q ,:i% ý .' ,.,-ý. ý 1. .1.11 I... '" - " - - ' - ý-,- - -ý.-%ý iz'.-, ;,:.; , T- 1, ý"-'.t'%C -.-., 'I. 't.. I ý ýý ... , , ': . 6' 'ý 6-ýý .q- . i, ý . , ýj::6 . -... ll ý.11'1 ý, '-- . ., z -- - - ,ý , ., ... .. -ý "'. 10 - ,k" . I . -_ , . `, ,

6, 

- ýý. 
", .. .

- -7

I - I ,ý 10
11 - - H - . . I - - T _ - - - " - I I., - -, `0

49 f , ýý- ýj.!Zý IR " 4 -, i. ý - x, , .A-ý1-11 . ý 4ý - ..
j,' ý_, , , , ý i - _ _

';j." " -. '.". 1 ' .ýý -'ý.'ý,-ý l -ý , -iý ý F .. .. _ . I . 4 - 1 , -
:"je ', &- -

, _,ýý '. ,ý,ý ý-M W 4 , - .. - 1. .. - . . ... , : t7i. -
ýýt- , '-'ý - -, , I 4. ,tý !'.ý-,. X .ý . .k --- 1 .:ýý,!ý I V -1-i;ý- 11 -ý - ,. ý- . - - . - F ý - il ". ,,-.. , -,

6, ý , , . - - , x 0*-m NA.- III., _ _!ýý , , :,ý, ýý jlýý ý' ft , 1 . - -., -ý F , ýtf" , ,- -1 -1 -. 4 !" .,,',,-, 7ýý!; ýV-,-ý",--,!,f -- - 6-",-- . , , ý,ý:,: " . ý -ýý--,-, ýý; ' ý - ý 0- I'". 3ý-.- --f, .
-- -"A - ý ý .:, .. _ý - ýý,,% - I, , .- % -ý' ',Tr- __.." . -_,t " .-"ý- , ,ýf r -!, . ,;r 71 ý', ý, _:-- '. -

, , 

- -
- -- ,6

'I 1, - ýF, ","-, 1. . I!, " ! -, - I ' ' * , I , - ý - , . ,-. . -, . ,l , -- IV6ý_ - ý -ý'. f. .. ,. - .1 6' . , . " Yý,; - I ý:60';
ýý. , _ ý.' A _"":64 

'i. .:ý - ,ý km

"I ý., ,ýý"' --,'ý, , ýj.", ;.- 'ý - , , ý ".. .- J", 0.1 . -,ý, , -.- - - I I lr, ýV `ý-ýýLr,' '.--I . ". , .j. _1 . - , , 11-- ` - -,--9;,64-' .;a. ."', ý'-

,,,,, ,ý 6- , '-'., , .. - ,.. ý . - - - I - . - - -- - ý;l ý,,'-- --,ý,',i'ý,ý, . - . ýý%, .,: ,: ,,, "..ý,, .11 , . . 4- ý , - -- :-'ý ,,ý, ý; , : . . ý " .ý,6_,ý,ý't ' .'ý- , ,-,,ý, , , ý. ý1,11, .s"j, ,:-.".,

,;7*",:.ý 6 ý,ý ýý, 1 ,j.ýý'_'.ýý"'ý,ýý .'7"'ý', "ý', _, ,ý. '.-- . , . . I i ý:,;" '_:,,.:,.. _ ,-,! ý;-
; ý.ý _ .,ýYýý

-ý; ý ,ý. , .. . . I .
:ý 

.

ý, ý,

-,:ý ýL. ý' ,j,. 6 '.11 ' , ._ --- ý--'-' '" : 'ý-. 6; 6. - --
_, . i. _ý, 

. . ,ý ,i-- ý-4- - 47", .. ,ý

,ý Y. 11 _ ;ýý.-ý'- .ý:,iýi,',.ý:iý,%.--_.,ý.ý;-ýýýý., ;- ",;: , ý, . ý ;:! ý v . , .;. ".. . - .- . - ýg1 - ,:,. - ýd.., 1, . ' ',,.'1 . ý4 , .%,i. , ,-, . I ".. , , . -1. .. " - : , ýL. ý , ,6 ,1. . . - ý-1-1
--- - - "I. , - ý- " - - . . . . -1 Ir t I t - . 'L

-. :, .. q, ý :,.,4 ý - . ..ý ý, , -, . " , I , . ý ý,,
.. e , , 

ý 1.
17, ý i - fý " ýý , " " , , '.* O., ; , - , . , ,; ,; . ýý." "'s " "; ý ,." , ;A, , - ,;m' , , -vý - p , .;T" ý - I . . 1, ý , ý - , 'm , - ., ý .-., , ý, . .". . 'I;". .ý, . , " - .. ý ý , -- -- . " ,-ýN ý ý ,:,. ., ,,';, - ; , "'..: ý:,.' 4: -, - . " , It , g, "- ---

ýý*-j 1. , I - --6ý;." ' :... ý.:! , 'l,".-. " 0ý r", . .. ý. " -. 1 o . ,01,ýýtl, ,-ýV'Ar " , , -ý - -- , ''..- S; - , 'ý -, J." - , _

. . .. . . ... I , . ;.ý :, ", , - ý ý' 1. ,ý,ý. I ý. '. ý- ý 1' .. ý111 '1,1ý - ý T . , , , ý .. , .
- . .. ".. I ". ,ý', ý - 'I -17" , . '. -. : -1,;:ý.- . .. ý4 ýý,,ý,,,,f:-:`.-.. , tA .ý4 1 . , ý: ý. ý .ý', ; i " -, , "? -'-,j' , , .. -ý .: , , ýý ý:,,", I ; ., , , I - '... I . . , - , -ý.. -; , - 1 - . I., di:.."ý 1. - , . , ý , . " . , - " - , I - ';ý.,'ý -. . !''.., ., ', " I ý1ý r'. ý I .. ,,, -;,; ,.A-:',', o .1,

li,,. ... I�� ,-"' .. . -',ý . - . . , _ . t . -
- --- ý"E-, ̀ý , . O ýý: - " , 7ill"U'R ,ý!j- . ! . I .. .1 1, .. ti. T :

". t."- ý )ý---ýý.'- ,-ý., ; "A ;: -It..., 4 , - ,ý "11,4 J`- ̀ :-- -Z,,-.ý - , 'ý'.`! - ýý ýý' , .

4w .,: - '--11-1-1. * " tk . ý. . 1.

-5 , ! , .1 (,iý,ý.s;: - .i 1, . i ' ':'ý - -"'ýW _* .

, 7, i . " i, ._.. .. W, ý .- -
ýW ;ý - . ý', I

. 1 ,6;ý .ý; I .1. ý, I

-. ,. ,ý- , % " , 1.11
-- :ý-. -ýý--

,W.." ..
"r.-I "". . '... ...
- -

, - Ii. , 1i-I , .ý,-,
-. 1.1; r ." 1 .-'. .. . - - --,-- - , ýý,ý-ý,-ý,,

rý . 1 6 1 1 6 --- I .
"'--:ý I. !,j- ,.,k:, ý

Y-. . I.-C. "s'; - , , .. .1-1 ý.-. -ý---,ý-ý -I ý-ý,- -- `ý I - - . .11ý.ý . 1-.ýý -

I 1 .1 " - ý .1 - - - , .. , a.-11 ý . '.ý. ";
.I i .: y; , . , , , . , ý-.. ,. . . ... ý ý11 ký-- , - . ". . - - "A.

t.,. 
-

ý , I, - --'I

0ý. M , - ,ý I .ý ., :. ý ,., . - . , - I
ýý , .1 - % . ý.*-"'- - -',ý'I, -. 'j-6' ý " ý 'j- . -. 1 ,.ý i, t, - : ,: , ':%ý ý` , , , ,.,ý. " ,ý , "

. .. . - :..4 4ýý".,; , ,ý . 4 ,-. , - ,. - zzz ..
,p , , ý;, , , : ý,T,:--,;::" t ý' - .".1 

: ?ý,.'.,:ý, .6

.

I 

ý 
, 

ý- L'14;- 
. ., 

" ,,

-!'-':,,i,. ;.I ý-'In -, ;. . .k , , ý, :ý ":,7 
, - I

.1, ý4.ýmý--.;-rý , ý " ý 
-'..-, , 1. , ýIj-- -, 

- ,,;.- , I ýa. ,.

.. 11 W, ýý , ýT,-.ý. ý ." ':ýý'-!,I, , .1. ... ý_ " 1. _ ,

-w. . .. .. ., .i :ýP'. ".- I -,; 11 , .ý , ,.. . - . , - , -. ý ;
, 

I%. .. - - - -1 ý.ý-ý,j Iý , "? " I ý ,- I . ý. I , 
- .... 1. I:,-- ",oo ... ý.'

, ,ý I - I .1, iý.Aro*-'ý. 7. , ," , , ý -- , .. , , , I ý, ;

, 

I, . ý .. 
-, 2 ; ý 1. ,.. - IN 

r 

E .

ý .,

I'-, .. " .. " il. I - ! I ,,,ý 4 ,.,'I. I , ý -ý! I ". , - ,, '.., ", fw 'ý .. -%j " - . f"ý I. "', 11*

,; , I 11 , I

- .ý _ 't, ! ;;. :: ',,ý.,:=;,ý ;)ý J .].ý,ý 'ý ff x-I, 1.ý . ý 'ý - .,

11 ý , % , ý. , "_- L, , 1. , - , ' . , -ý- -. :, " " - 6 . ,, - - " '. - ... ý,'ýýt; ,ý'_ ' - : (-V -','ý- 4, , - _.:" H" _ .-',7. ,ý . "I .-
-`)P-11 ;.,---111Q A l I . ý I... - , , 4 , , , ,Z _ 4:ý . _6 . -11 -1

'ý " ,--r _-.',-'?, ' " - 1%, p . %,ý.,t,- I ý- . - - .

.%. I , .4ý 
... , 4, .,!, T".. ,ý,,-,ý,. . -, , 

ý,,,ýý ýý a -ý. , 1j,

-,ý, -.; 

, , " 

....- 
. , ý 

: ,.;--,ý

., l'i " "", ý IF - 1. I I I..., I 11 * ý" I
I , - ,;,.,,A,`n,,:-,'M `-' I ýý-. .ý, i ., .-;-ý:---`:- I , -1 ý'.1 ".*

.1 .- 
'- . :"....; -, ý,' I i'ý-, -,. . ý, ,

ý.; I ,,,.' -, - ,6 ý 1, - - - It', ,,:, , " ,oý ;ý; .'I-,.',," DyX. 240'r ,;..;, 11 j'1,1,,,- ý ... " L - , ý".:j 
.' , -f .' I" ý , . ý ,,, ý , . , 6 , .,.! .. - . I . . ". I

... ý ý'-. ',",ý ý ý. -ý6,ý . " ':ýý;-V ýj ";,ý4 -ýý

_ý._ _ , " , ý' - _ _ " , , ." ,ý " ,. . - -11 - , . 6. ,k,.
"' , 1"Y,ý,( .! , , ý '.' ';ý;411'-- ." ; " -1ý - p, I. . " L - . - 1, 11 .'t, , ,;3f I - ., ý .A ý , V ý-- , ; ff tZ.1", I , _ _" ,-- - ,;,ý, ý , ý'- I ý ý - t, I 1 ý , . I 1, . ..... i - -V, - , _ , , ,& ,;ý 

- ý .11 j - ,---ý p -6 'ý6
ý, .'ý . '. , '4'-ý!, . -jý " L ., . - , :,- --I..". ,:-..;. ,. . , V. - v, - , I ,,; ý " ,; . -& . , ý , . " I ;11

ýý*,n,ý, " -,,:,"'-, Yv io _ý- , ýzf . . ro. 1. -,
7 , , . . I 'I I , , I , --,- , , . _ r , . - ,ý

1-ý- 
" -- k'ý , 

, , ý4i, 
.

.
f 

.1 I 
, ,,, 

... 
, ,!. 

.1 ;1 , 1 
7, 

.
.

I 

I 61 
, , 

. ý P.

ý,:A , ,-ýý - , I-. ,% "", '... - - ,:j,ý,ý I ý'. "ý.ý,' , ". -!, ,., , 1'b, ,6 " . - " , I I ý I - : , . ý ". . , I . . I .

,ý- , "j.'L - ý'. I '.. I , '. _; _ . , , .11 - , .ý
.,;, '' -

, . . . A -..,:'..". 'I." I 1 .1

-4f ..... . ý --- ý,, ". , . :" ,p- . , ý :.', -.eIj, " '_, ",.. 
'ý' p - .. 'jý'6ý ". "t,, , -, . . " `1ý ' ' ,"I - I

.11 - 'i '. L ý 6 ý. ` "" ;,", ;a ,_ ý,.ý64-ý __ %,
r','ý ýý '1' - "" "b" ' -. 1-6 ý' ý'i; "," V, ,ý ,7 31, ,pt. '. . - , .1 -.,., ý ... . .j',.W.W----,t,-'-, .6 f- ` : , ,,, I . .. ,- -

, 11 ý I I I . I , 4ý 12 , , ý, , , Lý hýý,ý.' '. . , 1. ",ý,ý-ý6ý;-' -. '.: - "' '-i-ý' .. 1_ ý' ý. 'j, . . - - " ý76 ýij , _ _ _:ý:, ý;j , 4 ;1 p, ... , - , .1 7.



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE ("ohen Deia Entered)

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS
_ _._BEFORE COMPLETING FORM

I. REPORT NUMBER 2.GOVT ACCESSION NO0. 3. RFCPETS*

TECHNICAL REPORT ARAED-TR-87017
!, I 4, TITLE (and Subtitle) 5- TYPE OF REPORT a PERIOrD COVERED

•. TRIAMINOGUANIVINIUM AZIDE NITRA\TE (TAZN)

1' 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(.) 8. CONTRACT OR GRANT NUMBER(•)

A. J. BRACUTI

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT, PROJECI TASK
AREA 8 WORK UNIT NUMBERS

Energetics and Warheads Div (SMCAR-AEE)
Picatinny Arsenal, NJ 07806-5000

I I. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

ARDEC, IMD June 1987
STINFO Div (SMCAR-MSI) 14. NUM EROF PAGES

Picatinny Arsenal, NJ 07806-5000 17
ONT ING GNCYN" dj tom CorntroftnU Ofice) IS. SECURITY CLASS, (of thI E report)

SUNCLASS I FOI ED
SCHEDULE

16 DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. TrIQUT;s ' "TATFME " i in Block 20 , ii 6iiiorenf irom tceport)

5X IS. SUPPLEMENTARY T TES

19. KEY WOR lV ontinue on revers* ade It noce•..ry a.id Idontlfy by block number)

- 1: 7 . I. /- dU I Y
Cr U II 1U! IJ Q Al-"P

Cstal structure) 'X ray diffraction

i• aminoguanidinium azlde nitrite

AUST'RACT •(•Ctk.•e # a pever, side r/ ic"e*,zy A'.fL Identi•y• by block numb.r)

"A new high nitrogen propellant compound, triaminoguanidinium azide nitrate

(TAZN), has been discovered. Single crystal x-ray diffraction data were
obtained. The crystal and molecular structure of this orthorhoinbic (Pbca)
compound was determined. Comparisons Letween the structures of £AGN and TAZN
are discussed with emphasis on possible hydrogen bonding. (i6.•Z ,--"e

I* FOM Q IED1_I_10% OF- I NOV 65, IS OIW.&OL.ETF
JAN 73 EUNCLASSIFIED

SECURITY CLAS.SIFI( A% IOPf OF TNIS PAGE (Mmr Date Eintered)

I __

. . .. . . . . . . . . . . . .



i~lCONTgNJT S

Introduction I

Experimental 2

Sample Preparat ion
X-ray Data Collection 2

Results

Conclusions

References 1

Distribution List 13

Aooestion For

NTilS GRKA_&_I_
DTIC TAB
Unannounc€ed [
Just it Icat Ion.....

DI utribut Ion/

Avilabill ',L Codes

Avail eand/or

Dt KI

2 ,.
S. ... ,..tti



INTRODOCT ION

Triaminoguantdinium salts (TAGX) apparently accelerate the burning ratcs of
cyclonitramine (RtDX, HMX) based propellants. The nitrate (TAGN) with its rela-
tively low flame temperature (2600 K) has been used with RDX formulations riot
only to accelerate burning rates but to reduce flash and erosion. Over tLhe
years, interest in triaminnguanidinltll azide (TAZ) with its low flame temperatur•

(2308 K) has inspired propellant chemists to synthesize it.

In a metathetical method, sodtwum azide was reacted with (TAG), 804 to form
TAZ according to the reaction

(TAG) 2 S0 4 + 2NaN 3  - ) 2TAZ + NA2 SO 4  (1)

Alternately, TAZ also was prepared by reacting hydrazoic acid (HN 3 ) with TAGOH or
TAG according to the reactions:

11N3 + TAGOH --- > TAZ + 1120 (2)

HN3 + TAG(S) ----. TAZ + H20 (3)

These reactions can be safely accomplished by eluting .oditu- azide (NaN 3 ) through
a protonated cation exchange column to generate HN3 according to the reaction

NaN3 + HR • NaP. + 1IN3  (4)

a:id adding it directly to the appropriate TAG compound (ref 1).

Sorprising'y, it was also reported (ref 1) that samples of TAZ made by the
different techniques were not identical. Samples prepared by reaction (1) had a
nitrogen content of 83.06% and a density of 1.432 g/ml as opposed to 85.5%
nitrogen content and a density ot i.66 g/int for samples freshly prepared by reac-

tions (2) and (3). Upon standing in air, the nitrogen content of samples pt':-
pared by reactions (2) and (3) drops to 83.06%. To confound the issue, both

freshly prepared samples had identical IK spectra. As a conuequence, it was
proposed (ref 2) that these two samples might be polymorphs, but this seems

unlikely because of the difference in nitrogen content.

To resolve this conflict, a single crystal x-ray d[ffractlim study was
undertaken.

S1



EXPERIMENTAL

Sample Preparation

The sample* used in this study was prepared by eluting HN3 , prepared as
shown in reaction (3), directly into a solution of TAGN, NaOH, and DMF with
subsequent -ooling in an acetone dry ice bath. This was previously reported (ref
2) as a very simple and direct method to prepare triaminoguanidine (TAG). The
formation of TAG probably proceeds stepwise initially with formation of TAGO11

TAGN + NaOH -- TAGON + Na+ + NO3 - (5)

which upon cooling in DMF dehydrates to form the basic anhydride TAG (CH6 H8 )

TAGOHI + NaNO 3 + DMF ý TAG + NaNO 3 + DMF (6)

Therefore, in theory, the introduction of HN3 should react with both TAG and
TAGOIL to form TAZ.

X-ray Data Collection

A pale pink actcular crystal having the dimensions of 0.40x0.07.0.0 7 mm was
growni from ethanol and water and mounted on a glass fiber in a random orienta-
tion. All x--ray measurements were made with an Enraf-Nonius CAD4 computer con-
trolled, kappa ad<is dtffractometer using CuK radiation (1 = 1.54184 A) and
equipped wizhi a graphite crystal incident-beam monochromater, All measurements
were made at 23+!'C. From. the systematic absences of:

ok k=2n+-

ho-- 1u=2:i+l

hko h=2r,-1

tire space group was determined to be Pbca. The lattice parameters of this
,orthorhombic unit are: a = 12.647(3); b = 6.573(2); and e 16.550(7)A. The
,calcu-lated K-ray density is 1.52 g/ml.

RESULTS

Elcemental analysts (table 1) indicated that this compound contained 9.53%
Lcarbon, 78.17% nitcogen, 5.78% hydrogen, and unexpectedly, 6.15% oxygen. In

contrast, TAZ theoretically contains 8.16% cirbon,) 85.71% nitrogen, and no
r oxygen.

* Sample received from G. Clark, Aerojet TACTICAL, Sacramento, CA.

2
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The x-ray data indicated that this material was not an orthodox binary salt

or a simple mixture of binary salts, but rather a single compound containing rite

two distinctly different anions, nzide and nitrate. This disorder was caused by

the replacement of a given number of anions in the structure by an equivalent

:-unber of different anions. Although this is not --n unusual phenomenon and, in

fact, occurs quite frequently among Isomorphic species, it was unexpected in this

case because of the difference in ionic shape displayed by the linear .3z1.de ionl

and the planar trigonal nitrate ion.

Azide and nitrate tons are randomly distributed over eight general positions

in the space group (Phca). This is equivalent to having each position filled

with a statistical composite anion having the same nitrate to a.ide ratio (with

this crystal the ratio is 50:50).

The Statistical anion, a modeling convenience containing the features of

both ions, is graphically presented in figure 1. Since the centers of gravity of

both ions are coincident and contain nitrogen atoms, the central positioni of the

statistical ion is competely filled with a nitrogen atom and is designated

N(C). Also, one oxygen atom from the nitrate and one azide nitrogen atom share

the same atomic position. The statistical atom (50%N 50%0) at this site is

designated NO. The remaining atomic positions dictated by the conformation of

each respective ion are half filled with nitrogen [N(2)] from the azide and

oxygen atoms [0(1) and 0(2)] from the nitrate. The atomic coordinates are listed

in table 2.

In monovalent ionic azides, the azide ion normally displays a center of
symmetry resulting in equivalent N-N bond lengths. Typical N-N bond lengths (ref

3) for these azide ions range from 1.162(14) to 1.187(1)A. The azide ion in thin3

structure is not strictly linear and has rather lung nonequivalent N--N bonld

lengths of 1.23(14) and 1.203(7)A (table 3).

The ,meuidr~ tconformation of the TAG ion approaches C3h synetry (fig.

1). This is in agreement with the TAG conformation reported earlier in the TAGN

study (ref 4). The mean C-N and N-N bond lengths are 1.335(7) and 1.434(6)A,

respectively, which exceed the bond lengths observed in TAGN where C-N is

1.322(6) and 14-N is 1.406(5)A.

The disorder observed in this compound adversely affected the quality of the

x-ray data to such an extent that the hydrogen positions were not determined. In

addition, thermal parameters and atomic positionis of the heavy atoms were
affected enough to account for the apparent elogniation of the bond lengths and

the loss of the center of symmetry in the azide anion.

The structures displayed in figures 3 and 4 consists of puckered sheets of
TAG, nitrate, and azide ions which lie approximately parallel to the c axIs,

Between adjacent sheets, the closest interionic contacts occur among amino nitro-

gens of the TAG ion, the oxygen atoms of the nitrate ioA, and the nitrogen of the

azide ion. These distances are 3.138(11), 2.983(10), and 3.130(7)A for 0(2)-

N(6), 0(2)-N(8), and NO-N(8), respectively. The closet intercatlon contact is

3.292(7)A occuring between N(7)-N(7). The distances are consistent with the

interlayer distances observed in the TAGN structure, with a closest anion-cation

contact of 3.103(55)A and an intercatlonlc distance of 3.26(4)A. Although the

f
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hydrogen positions were not determined, the magnitudes of the heavy atom separa-
tions and their close agreement with those in TAGN In which hydrogen bonding was
evident suggest hydrogen bonding as well as van der Waals' forces operate between
the sheets.

Within each sheet, each ion is surrounded by three oppositely charged
ions. The close interionic contacts (N-0 and N-N, table 3) are 2.905(9) and
2.943(19)A for 0(1)-N(5) and N(2)-N(5), respectively; 2.910(9) 2.989(16)A for
0(1)-N(3) and N(2)-N(3), respecitvely; and 2.988(7)A for NO-N(7). Again, the
magnitudes of the heavy atom separations suggest the presence of hydrogen bonding
comparable to that observed in TAGN.

CONCLUSIONS

The oxygen content of the single crystal was 15.29% compared to 6.15% fot
its parent batch sample. This suggests that the batch sample is not homogene 1us,
but rather contains a mixture of TAG compounds.

To insure production of pure TAZ, TAGN should be excluded from the reaction

The difference between TAZ samples prepared by the two methods has not been

resolved yet, but the results of this study indicate that structural determina-
tlons5 of samples prepared by these two methods in TAGN-free media will resolve
this problem.

4
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Table 1. Elcmental composition of TAZ and TAZN

Batch samp] e* .Sing~le cry-ltal TAZ theiretical TAGN htheoretical

%C 9.53 7.64 8.16 7.19

%N 78.77 7 1.34 85.71 58.68

%H 5,78 5.73 6.12 5.39

70 6.15 15.29 -- 28.87

* Chemical analysis.

Table 2. Atomic cordinates and equivalent Isotropic temperattire
factors and their estimated standard devLatioii

Triamtnoguanidinium x/a y/b z/c Beq, (2)

Ion
C(1) 0.2403(7) 0.276(t) 0.3881(5) 2.8(2)
N(3) 0.322 1(5) 0.250(1) 0.4401(4) 3.3(2)

N(5) 0.1417(5) 0.258(0) 0.417t)(5) 3.6(2)
N(7) 0.2571(6) 0.305(1) 0.3111(4) 3.5(2)
N(4) 0.2997(5) 0.220(1) 0.5240(4) 3.8(2)
N(6) 0.0580(6) 0.284(1) 0.0051(5) 3.9(2)
N(8) 0.3648(6) 0.315(I) 0.2841(5) 4.5(2)

A-.idc Ion
N~i) U.5959(5J) U. I95(..I) 0.0 17)54) 8. i())

N(2) 0.5546(13) 0.315(3) 0.9197(13) 3.3(2)
NO 0.6339(6) 0.058i( 1) 0.8332(5) 5.0(3)

Nitrate Ion
0(1) 0.5446(8) 0.139(2) 0.9311(6) 3.4(3)
0(2) 0.6159(10) 0.377(2) 0.8475(7) 4.3(3)

5



Table 3. Bond lengths and angles with their estimated standard deviations

TrianinoBuanidinium cation Lengths, A Angles, deg

Bond
C(i)-N(3) 1.357(7) N(3)-C(l)-N(5) 118.1(5)
C(O)-N(5) 1.341(7) N(3)-C(l)-N(7) 120.9(6)
C(1)-N(7) 1.306(6) N(5)-C(1)-N(7) 120.9(6)
N(3)-N(4) 1.432(6) C(1)-N(3)-N(4) 118.8(5)
N(5)-N(6) 1.435(6) C(1)-N(5)-N(6) 115.9(5)
N(7)-N(8) 1.434(6) C(I)--N(7)-N(8) 118.1(5)

Azide Anion
N(1)-NO 1.203(7) NO-N(l)-N(2) 170.(i)
N(1)-N(2) 1.234(14)

Nitrate Anion
N(1)-0(1) 1.237(9) O(1)-N(1)-O(2) 128.9(9)
N(1)-N(2) 1.284(10) 0(2)-NO 117.t(8)
N(I)-NO 1.203(7) O(1)-NO 114,0(9)
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Figur~e 1. Molecular configurations and numbering schemes for
triamninoguanidinium cation and statistical azide/nitrate anion
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Figure 2. Unit cell of triaminoguanidinium azide nitrai-e
viewed down the b axis
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F gure 3. Unit cell of triaminhliguanidinium azido nitrate
viewed down the c axis
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Figure 4, Stereo pair of triaminoguanidinium azide nitrate
unit cells viewed down the b axis
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